as the "middle domain." With the exception of four FF porter systems were found to contain inserts that encode fragments of p190B [15] , a closely related homolog domains [13] , and tandem SH2 domain binding motifs that mediate interaction with p120 RasGAP [14] , the of p190A. The smallest and most abundant fragment encoded amino acids 382-1229 of p190B, which largely p190 middle domain possesses an unknown domain structure. Here, we demonstrate that Rnd proteins bind corresponds to the middle domain of p190B (p190B-MD) and thus excludes the N-terminal GTP binding dodirectly to the middle domain of p190 and that this interaction is critical to the cellular effects elicited by expresmain and C-terminal GAP domain ( Figure 1A ). p190B-MD also interacts with Rnd1 and Rnd2 but with neither sion of Rnd1 or Rnd3 in fibroblasts. Moreover, we show that Rnd proteins promote p190-mediated GAP activity constitutively active (G14V) nor dominant-negative (T19N) RhoA mutants ( Figure 1B) . Truncation of p190B-MD from toward RhoA and that expression of Rnd proteins in cells elicits a p190-dependent decrease in RhoA-GTP the C terminus demonstrates that a fragment corresponding to amino acids 382-1007 is sufficient to interlevels. The present study thus provides the first evidence that Rnd proteins directly inhibit RhoA signaling by augact with Rnd3 ( Figure 1C ). This fragment not only excludes the GTP binding and the GAP domain of p190B, menting the RhoGAP activity of p190 molecules.
but it also eliminates the SH2 domain binding motif that mediates binding to p120 RasGAP. Further truncation Results from either the N-or C-terminal end of this p190 fragment abolishes the interaction ( Figure 1C and data not Rnd Proteins Interact with the Middle Domain shown).
of p190 in Yeast Two-Hybrid Assays
Rnd3 is 49% identical to RhoA at the amino acid level To identify effector molecules of Rnd proteins, we con-
[2]. To identify the Rnd3 region that mediates binding ducted a two-hybrid screen by using the ubiquitously to p190, we generated chimeras between Rnd3 and expressed Rnd3 as bait. We screened an oligo(dT)-primed RhoA(G14V). These chimeras were based on the design human fetal kidney cDNA library by using a Gal4-based of previously published RhoA-Rac1 or RhoA-Cdc42 chisystem with three reporters: HIS3, ADE2, and MEL1 of meras, which were used successfully to We used RhoA(G14V) for our experiments because, like GST-RhoA, but not GDP bound GST-RhoA, precipitate endogenous p190A and p190B from lysates of 3T3 fibroRnd3, constitutively active RhoA has low catalytic activity and thus is more likely to mimic the conformation of blasts (Figure 2A) . Consistent with the fact that RhoA binds solely to the GAP domain of p190, we observe Rnd3. The chimeras were fused to the Gal4 activation domain, and their ability to interact with p190B-MD no interaction between GST-RhoA and p190B-MD from lysates of Cos7 cells transfected with a p190B-MD exfused to the Gal4 DNA binding domain was tested by a two-hybrid assay as described above. These experipression vector ( Figure 2B ). In contrast, GST fusion proteins of Rnd1, Rnd2, and Rnd3 all precipitate p190B-ments show that an Rnd3 motif contained within residues 16 Our findings demonstrate an Rnd-dependent mechaRhoGAP p190 and increase its GAP activity toward GTP bound RhoA. We demonstrate that the cellular effects nism for regulating p190 function. In this respect, it is interesting that previous studies have shown that p190 of Rnd expression are mediated by p190 and correlate with p190-dependent reduced cellular levels of RhoAmolecules respond to growth factor stimulation and integrin engagement [15, 26] , which, at least in the case GTP. Collectively, our results identify a novel mechanism that accounts for the functional antagonism between of p190A, increases GAP activity by a Src-dependent mechanism [ All experiments were performed in duplicates. For each assayed condition presented, one control condition (without RhoA) was run [10] . Next, the beads were washed extensively, and the associated proteins were eluted and subjected to SDS-PAGE and Western blot and subtracted from the assayed data to account for any potential RhoA-independent effects on the fluorescence readings. Fluorescence analyses to detect p190 molecules and GST fusion proteins.
Rhotekin-RBD pull-down experiments to determine cellular levels readings were made at intervals of 20 s. Linear velocity of GTP hydrolysis was determined by calculation of the percentage of RhoA-GTP of GTP bound RhoA were performed as described in Ren et al. [22] , and the results were quantified by densitometry. The RhoA-GTP hydrolysis at each time point and was divided by elapsed time. Velocity was considered linear if the regression value of the exchange slope level in a given sample was determined by dividing the densitometric value obtained for the RhoA band in the RBD pull-down by the value was greater than 0.97. The rates of RhoA-GTP hydrolysis after addition of GST-Rnd proteins (X) relative to addition of GST alone were then obtained for the RhoA band in the total cell lysate. To control for differences in constitutive RhoA-GTP levels among p190A Ϫ 
